Syncope is defined as a transient loss of consciousness due to cerebral hypoperfusion with spontaneous return to baseline function without intervention. It is a common chief complaint of patients presenting to the emergency department. The differential diagnosis for syncope is broad and the management varies significantly depending on the underlying etiology. In the emergency department, determining the cause of a syncopal episode can be difficult. However, a thorough history and certain physical exam findings can assist in evaluating for life-threatening diagnoses. Risk-stratifying patients into low, moderate and high-risk groups can assist in medical decision making and help determine the patient's disposition. Advancements in ambulatory monitoring have made it possible to obtain prolonged cardiac evaluations of patients in the outpatient setting. This review will focus on the diagnosis and management of the various types of syncope. 
INTRODUCTION
Syncope is a common chief complaint encountered in the emergency department (ED). The causes of syncope range from benign to life threatening. Being able to rule out life threatening causes is one of the main goals of the emergency physician. A fundamental understanding of the various types of syncope along with a thorough history and physical exam help identify the etiology of a patient's syncopal episode. This review will focus on defining the types of syncope, identifying key components of the history and physical exam, and utilizing risk-stratification to safely disposition these patients.
EPIDEMIOLOGY
Syncope is a common yet vague complaint of patients presenting to the ED. Approximately 1% to 2% of all ED visits occur due to a chief complaint of syncope, which amounts to around 1 million patient visits per year. 1 Half of these patients are admitted to the hospital for further testing; within the admitted subset half will be discharged with no clear diagnosis. 2 The US healthcare system spends 2.5 billion dollars per year on hospitalizations alone for syncope related admissions. 3 Many patients undergo extensive testing that has low diagnostic yield and often fails to diagnose the underlying etiology. 4 This leads to the question of whether such aggressive, costly and time-consuming investigations are justifiable for all patients presenting with syncope and how to risk-stratify patients so those at higher risk for adverse outcomes are appropriately identified and receive the proper work-up.
DEFINITION
Syncope is a symptom and not a diagnosis. Properly defined, syncope is a transient loss of consciousness with return to baseline neurological function without medical intervention. The pathophysiology of a syncopal episode is the same regardless of the cause. Syncope occurs due to a period of global hypoperfusion of the cerebral cortex or focal hypoperfusion of the reticular activating system that results in a loss of consciousness. Patients with loss of consciousness that have a persistent alteration in mental status, new neurological complaints or loss of consciousness that is related to alcohol or illicit drugs are not classified as true syncope.
Syncope vs. near syncope
Near syncope is a spectrum of syncope and should be approached similarly. The key difference is that in near syncope the hypoperfusion of the brain does not result in loss of consciousness. The mechanism and causes of near syncope are identical to syncope.
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In general, patients with near syncope tend to be younger and have fewer comorbidities. Although patients with near syncope have about half as many serious outcomes-including arrhythmias and death-the occurrence of these outcomes is still significant. 6 Near syncope has a less dramatic presentation and is often under appreciated leading to fewer investigations and relatively more missed outcomes compared to patients who present with syncope.
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Causes of syncope
The differential diagnoses for syncope is broad and management is focused on the underlying cause when identifiable. During the ED visit only about half of patients will have a clear etiology determined. A thorough history and physical exam leads to improved diagnoses. 8 Risk stratifying the remaining patients into high and low risk groups can help with disposition. Being able to differentiate between the various types of syncope can impact the management of care and the ultimate disposition of patients that present to the ED. The primary objective is to determine whether a patient has a life-threatening cause of syncope and to appropriately manage those conditions. Conditions such as acute hemorrhage, pulmonary embolism, and subarachnoid hemorrhage are important and clinically apparent causes of syncope upon presentation. Cardiac causes, especially occult arrhythmias, can be life threatening and not as obvious on presentation. This review will focus on the diagnosis and management of the different types of syncope, including cardiac syncope caused by arrhythmias.
CLASSIFICATION
Syncope can be broken down into 5 main categories: neurocardiogenic, orthostatic, neurological, cardiac and unknown causes (Table 1) . Vasovagal syncope, also referred to as neurocardiogenic syncope, is the most common cause of syncope. 9 This type of syncopal episode occurs due to inappropriate vasodilation of the vascular system or due to bradycardia that leads to cerebral hypoperfusion and loss of consciousness. Most patients will describe prodromal symptoms of nausea, diaphoresis, or a lightheaded sensation prior to losing consciousness. Patients with vasovagal syncope have no increase in morbidity or mortality after their syncopal episode. 10 Table 2 ). Patients with arrhythmias may have tachyor brady-arrhythmias. Tachyarrhythmias that cause syncope and lead to sudden cardiac death include ventricular tachycardia, ventricular fibrillation, and Wolff-Parkinson-White with supraventricular tachycardia. Atrial fibrillation and atrial flutter can also cause syncope but will rarely lead to sudden death. Bradycardias occur due to conduction delays resulting from sinus or atrioventricular node dysfunction which causes impaired transmission of the electrical impulse and can result in heart blocks. Concerning bradycardias such as Mobitz II or type 3 atrioventricular blocks need urgent evaluation and possible pacemaker placement as they can lead to sudden cardiac death. Obstructive lesions such as severe aortic stenosis or mitral stenosis can cause exertional syncope. The underlying mechanism isn't definitively known but it is believed that the stenosis results in a fixed cardiac output that cannot be increased during periods of exertion. During exertion, peripheral vasodilation occurs to increase blood flow to the skeletal muscles. When there isn't an increase in cardiac output due to the fixed valvular stenosis, the peripheral vasodilation causes a transient hypotension, which results in cerebral hypoperfusion and syncope. Patients that present with cardiac syncope have a 30% increased risk of sudden death within one year. 9, 13 Patients with a history of heart failure have an even higher mortality. 14 Patients with an unknown cause of syncope have 30% higher mortality than patients who have not had a syncopal episode. 10 In this subgroup, determining whether the patient has an underlying heart condition can assist in identifying high-risk patients. In addition, patients should be evaluated for other life-threatening diagnoses that can present with syncope such as pulmonary embolism, internal hemorrhage, or cerebrovascular accident. 
EMERGENCY DEPARTMENT MANAGEMENT
In the ED setting, patients that present with syncope can be risk stratified to determine who needs further investigation. Patients with apparent neurologic or cardiac causes should be admitted.
Patients with vagal and orthostatic syncope can be safely discharged once medically optimized. In the remaining patients, the question to consider is who is at risk for a lethal arrhythmia and whether this is something that can be accurately predicted. The answer to this question helps guide which patients need further investigation.
HISTORY AND PHYSICAL EXAM
A thorough history can provide valuable information in determining the etiology of a syncopal episode. An important historical clue is the presence of associated symptoms prior to the episode. A patient with preceding angina may have an acute coronary syndrome while a patient with dyspnea should be evaluated for pulmonary embolism or cardiac tamponade. A patient with a preceding headache may be presenting with a subarachnoid hemorrhage.
Patients with prodromal symptoms such as nausea, diaphoresis, or pallor are more likely to have neurocardiogenic syncope. In addition, activities prior to the start of the prodromal symptoms such as micturition or coughing should be elicited as potential triggers. Identifying these patients is helpful as they have a more benign course and can be discharged without further testing and with no increase in morbidity and mortality.
Conversely, patients with sudden loss of consciousness without prodromal symptoms are more likely to have had an arrhythmia. 6 Syncope with exertion can be a sign of an underlying cardiac abnormality such as a valvular defect, an aortic outflow obstruction, or a channelopathy that predisposes to arrhythmias. Syncope with positional change can occur due to orthostasis or neurocardiogenic causes such as prolonged standing, hypovolemia or autonomic dysregulation. 15 Historical factors that are strongly associated with cardiac syncope include a strong family history of sudden death or early myocardial infarction before 50 years of age, a history of heart disease (heart failure, myocardial infarction, valvular disease, and arrhythmias) and presenting symptoms suggestive of heart disease (chest pain, palpitations, and shortness of breath). [16] [17] [18] In addition, the patient's medications should be carefully reviewed as this can be a source of syncope for a significant number of patients. Physical exam should focus on the patient's vital signs and thorough neurologic and cardiac examinations. Vital signs during the syncopal episode itself are usually abnormal with transient hypotension or bradycardia. By the time of evaluation, the vitals have usually normalized. Persistently abnormal vitals may indicate an underlying cause; for example, hypoxia and tachypnea may indicate heart failure or pulmonary embolism. Cardiac exam may reveal a murmur such as the mid-systolic click of aortic stenosis or an abnormal rhythm such as atrial fibrillation. Neurologic exam should be normal in a patient with a true syncopal episode, and any focal abnormalities should be further investigated for a cerebrovascular accident. Additional findings on physical exam that can lead to the underlying diagnoses include carotid bruits, a positive hemoccult test suggesting gastrointestinal bleeding, and intraoral lacerations suggestive of seizure.
INVESTIGATIONS
The presentation and clinical scenario helps to guide the extent of the ED investigation. An electrocardiogram (ECG) should be done on most patients since it is both cost-effective, non-invasive and has been shown to help risk-stratify patients. 19 Hematologic studies or advanced imaging, including computed tomography scans, can be ordered based on the history and exam. Women of childbearing age should be evaluated for pregnancy. Electrolytes and hematocrit can be assessed in a patient with a history of diarrhea and vomiting or gastrointestinal hemorrhage respectively. A patient that is low risk usually gets little to no advanced investigations when admitted. Higher risk patients may need prolonged cardiac monitoring to evaluate for potential arrhythmias and an echocardiogram to identify structural heart disease. 20 Echocardiography is likely the most useful test to help risk stratify patients as it can identify those that have structural heart disease including valvular abnormalities, wall motion abnormalities and pericardial effusions.
21
Electrocardiogram abnormalities
Certain ECG changes are more valuable than others in predicting patients at higher risk. The ECG may indicate changes consistent with ischemia or arrhythmia. Three percent of syncope patients are found to have a myocardial infarction and usually present with atypical symptoms and non-ST elevations on their initial ECGs. 19 A patient with a non-sinus rhythm or any abnormal conduction of the left bundle-including left bundle branch block, left anterior fascicular block, left posterior fascicular block, or QRS interval widening-is at greater risk for significant cardiac outcomes. 19 The European Society of Cardiology identifies potential ECG abnormalities that can lead to cardiac syncope, such as prolonged intervals (QRS interval, QTc), severe bradycardia, and evidence of pre-excitation (Wolff-Parkinson-White). 22 Other ECG Pranjal R Patel, et al.
findings include low voltage or electrical alternans as seen in pericardial effusion and abnormal conduction syndromes due to channelopathies.
Patients with certain genetic diseases that causes abnormal function of the cardiac ion channels such as Brugada, prolonged QT, short QT or catecholaminergic polymorphic ventricular tachycardia are more susceptible to sudden cardiac death. 23 During asymptomatic periods, patients with QT changes or catecholaminergic polymorphic ventricular tachycardia will have normal ECGs and no underlying structural heart disease identified on echocardiography, which can make diagnosis difficult. The abnormal channelopathy can sometimes be uncovered during stress testing. Genetic testing in patients with unexplained syncope or a family history of sudden cardiac death has recently been utilized to help identify patients with mutations that predispose them to fatal arrhythmias.
RISK STRATIFICATION
Regardless of etiology, patients with syncope have a higher mortality rate than those without. 10 In addition, a patient that presents with syncope has an increased risk of death and cardiovascular morbidity at one year. 24, 25 A syncopal episode itself does not have a direct causality with increased mortality. Patients with underlying structural heart disease, ECG abnormalities, advanced age, and lack of prodromal symptoms are at increased risk for morbidity and mortality. 18, 24 On the other hand, patients less than 45 years of age with no cardiac history are at lower risk. 24 Elderly patients are more likely to be on multiple medications and have orthostasis or autonomic dysfunction. Studies differ on the optimal age at which patients are at increased risk for adverse outcomes. In general, a patients' age should be used as a guide with increasing risk of morbidity and mortality as age increase. In addition, the age should be considered within the context of other underlying medical problems that puts the patient at increased risk.
San Francisco Syncope Rule
The San Francisco Syncope Rule is a rule that can help risk stratify patients with syncope and identify patients who may be at a higher risk of adverse outcomes (Table 3) . 26 The rule was developed prospectively and has been validated with 1,400 ED patients. Fifty clinical variables were evaluated of which 5 were determined to be statistically significant in predicting patients who had a higher chance of adverse outcomes and warranted inpatient admission. The five variables include the following: history of congestive heart failure, an abnormal ECG or rhythm strip, shortness of breath, hematocrit < 30, and systolic blood pressure < 90 mmHg.
Patients that meet any of these 5 criteria are predicted to be at higher risk for adverse outcomes, including mortality, at 7 days. Adverse outcomes include death, myocardial infarction, arrhythmia, pulmonary embolism, stroke, subarachnoid hemorrhage, or significant hemorrhage. The rule has a 74% to 98% specificity and a 56% sensitivity. 26 Subsequent studies that attempted to validate the SFSR resulted in lower sensitivities. 27, 28 However, these studies tended to have patients with more neurological outcomes, did not use the same definition of syncope for study enrollment, used varying criteria for abnormal ECGs or arrhythmia, and did not consider rhythm abnormalities that occurred after the initial ECG-such as in the ED while being monitoring or on subsequent ECG's. Regardless of the study, most risk stratification research has shown the importance of an abnormal ECG, history of heart disease (especially congestive heart failure) and advanced age as important risk factors for predicting adverse outcomes. 16, 18, 26, 29 
DISPOSITION
Patients with identified neurologic or cardiac causes of syncope should usually be admitted for further investigation or treatment. High-risk patients should be admitted to an inpatient or observation unit for monitoring, or alternatively have close outpatient follow-up with ambulatory cardiac monitoring (Fig. 1) .
Value of hospitalization
It is difficult to create a generalized approach to patients that present with syncope. Hospitals in different regions, both nationally and internationally, operate with varying inpatient and outpatient resources as well as medical-legal climates. Within the United States, syncope admissions vary widely; academic centers have admission rates ranging from 55% to 85% while health main- Risk stratifies patients into high and low risk. Patients that meet the above five are at higher risk for adverse outcomes within 7 days and increased mortality. Abnormal electrocardiogram (ECG) changes include non-sinus rhythm and aberrancies in the ventricular conducting system (left bundle branch block, left anterior fascicular block, left posterior fascicular block, widened QRS interval). 26 Among the 1,400 patients studies, 79 had serious outcomes. Serious outcomes include death, myocardial infarction, arrhythmia, pulmonary embolism, stroke, subarachnoid hemorrhage, or significant hemorrhage.
Syncope tenance organization's with close outpatient follow-up admit close to 35%. 2 There is much international variability amongst admission rates with countries like Australia admitting < 30% and Canada admitting < 20% of their syncope patients. Regardless of the differing admission rates, these patients have no real differences in outcome 2, 3 and it is unclear if hospitalization has any impact in reducing morbidity or mortality in patients with an unclear etiology of their syncope. 20, 30 The need for admission should be based on the level of concern given each individual patient's history and exam. The best way to determine the need for hospitalization is to attempt to risk-stratify patients into low, moderate, and high-risk groups (Fig. 1) . As described earlier, low risk patients include those that are younger and have prodromal symptoms prior to the episode, not including chest pain or dyspnea. These patients do not require any hospitalization and don't require any specific followup or outpatient work-up unless symptoms are recurrent. Intermediate risk patients can be categorized based on the clinical suspicion for arrhythmia and the frequency of symptoms. Highrisk patients include those with a history of heart disease (both structural and/or acute coronary syndrome), those with concerning ECG changes, advanced age, or prodromal symptoms such as syncope with exertion and new onset angina or dyspnea. Intermediate risk patients that are hemodynamically stable may benefit from an ED observational unit; leading to decreased hospital costs and total length of stay without adversely impacting clini- High risk criteria: abnormal electrocardiogram, including non-sinus rhythm while in ED; history of or findings of cardiovascular disease, especially congestive heart failure or structural heart disease; absence of prodromal/vagal symptoms; persistent low blood pressure (systolic blood pressure <90 mmHg); family history of sudden cardiac death (especially in younger patients); advanced age. Characteristics include duration that device is worn, whether the patient can trigger the device to record based on symptoms, whether the device records continuously or when a potential event is detected, whether the event strip is transmitted to the physician, and patient comfort/ease of performing their activities of daily living (ADLs). There are many different types of devices available to monitor patients for arrhythmias (Table 4) . Advancements in cardiac monitoring have made it possible to perform extended monitoring of patients in ambulatory settings than was previously attained during a hospital stay. Newer devices are more compact and comfortable, increasing patient compliance and providing more data. 34 Devices include event monitors, loop recorders, mobile cardiac telemetry systems, and long-term continuous rhythm recorders (such as the Zio Patch). These ambulatory monitoring devices make it easier to obtain prolonged telemetry readings and assess for arrhythmias. These devices may help decrease the number of inpatient admissions and increase the total length of time that a patient's cardiac rhythm is observed-leading to a higher probability of diagnosing an arrhythmia.
Future research
The large amount of research done on syncope has yielded some common risk factors that place patients at risk for adverse outcomes after a syncopal episode. Notably, advanced age, ECG changes, and underlying heart disease continue to be the best determinants for risk-stratifying patients. Cardiac syncope is the most concerning etiology as it can lead to sudden death following a fatal arrhythmia. Future research should be aimed at attempting to identify patients with arrhythmias. We now have devices that can be used to monitor patients conveniently for prolonged periods. Having a clear method to determine arrhythmia outcomes will be important in all future research.
CONCLUSION
As discussed above, the patient with syncope can be appropriately managed and dispositioned using proper risk stratification guidelines. These guidelines assist in optimizing patient care while also keeping health care costs down. The most important determination is classifying patients into the appropriate risk group. Advances in science and technology have enabled genetic testing and prolonged cardiac monitoring devices which help to identify patients with life threatening causes with less resources and more efficiency than previously.
